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LONGITUDINAL STUDY OF MICROBIAL DYNAMICS AND CHEMICAL QUALITY DEGRADATION IN PASTEURIZED MILK DURING REFRIGERATED STORAGE



	ABSTRACT:
Aim: To assess changes in microbial dynamics and chemical quality of pasteurized milk from various brands during refrigerated storage by analyzing pH, acidity, clot on boiling, and microbial counts, to compare shelf life and safety compliance.
Study design: The study used an experimental longitudinal design, analyzing four pasteurized milk brands at multiple refrigerated storage intervals for chemical and microbiological changes.
Place and duration of study: The study was conducted in Tirupati, India, using milk samples collected from the local market, and lasted for a storage period of up to four days.
Methodology: The study analyzed four pasteurized milk brands (A–D) stored at 4°C. Chemical parameters (pH, acidity, clot-on-boiling, alcohol test) followed IS:1479-1 (1960). Microbiological analysis included total bacterial count (Standard Plate Count Agar), coliform count (Violet Red Bile Agar), and methylene blue reduction time per BIS standards.
Results: Chemical parameters (pH, acidity, clot-on-boiling, alcohol test) and microbiological parameters (total bacterial count, coliform count, methylene blue reduction time) were evaluated. Statistical analysis using ANOVA (P = 0.05) revealed no significant differences (P > 0.05) among brands for pH (6.6–6.8 on day 0; 6.6–6.7 on day 3) or acidity (0.16% lactic acid on day 0; 0.17–0.18% on day 3). Microbiologically, all brands showed non-significant differences (P > 0.05) in total bacterial count (TBC: 2.65–3.78 log₁₀ CFU/mL on day 0; 4.30–4.48 log₁₀ CFU/mL on day 3) and coliform count (0–1 log₁₀ CFU/mL). However, brand D exhibited significantly higher TBC (4.48 log₁₀ CFU/mL, p < 0.05) and coliform presence (1 log₁₀ CFU/mL) by day 3, exceeding BIS standards. Methylene blue reduction time declined from 4–5 hours (day 0) to 0.5–2.5 hours (day 3), indicating reduced quality. All brands remained chemically stable for 3 days, but microbiological spoilage occurred by day 4.
Conclusion: All four pasteurized milk brands met BIS standards for chemical and microbiological quality up to three days at 4°C, but spoilage increased after.
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1. INTRODUCTION
India, the world’s largest milk producer, plays a pivotal role in global dairy markets, with per capita milk availability rising from 106 g/day in the 1960s to 471 g/day in 2023–24 (Tejasree et. al., 2023; Singh et al., 2024; ACRI, 2025). Milk is recognized as a nutritionally complete food, rich in proteins, fats, vitamins, and minerals, but its high moisture content and nutrient density make it highly susceptible to microbial contamination from sources such as udders, milking equipment, water, and post-processing handling (Samaržija et. al., 2012; Mahendra Pal et. al., 2016). Despite pasteurization-mandated by food safety laws to eliminate pathogens like Listeria monocytogenes and Salmonella-spoilage remains a significant challenge due to the survival of thermoduric bacteria (e.g., Bacillus, Paenibacillus) and post-pasteurization contamination (PPC) during storage or packaging (Walstra et. al., 2006; QualiTru, 2025). Psychrotrophic bacteria, capable of proliferating at refrigeration temperatures, degrade milk quality by producing heat-stable enzymes (lipases, proteinases) that cause rancidity and bitterness, even after pasteurization (Samaržija et. al., 2012; Fromm & Boor, 2004; 11.	Adams et. al., 1975). Studies in India have shown that 58–60% of pasteurized milk samples exceed FSSAI microbial limits, highlighting systemic gaps in hygiene and cold-chain compliance (Srujana et. al., 2011; Mahendra Pal et. al., 2016).
The persistence of contaminants underscores the necessity for rigorous monitoring of chemical (pH, acidity, clot-on-boiling) and microbiological (total bacterial count, coliforms) parameters, as outlined by BIS and FSSAI standards (IS:1479-1, 1960; FSSAI, 2011). While pasteurization methods such as HTST (72°C/15s) and LTLT (63°C/30m) effectively reduce pathogens (Aryal, 2022; MadgeTech, 2019), improper storage temperatures above 4°C accelerate spoilage, shortening shelf life from 14 days to just 2–5 days post-opening (WWF India, 2024; Sadhu, 2018). Literature further emphasizes that spoilage is often linked to PPC and inadequate refrigeration, with flavored milk degrading faster due to sugar-induced microbial resilience (Walstra et. al., 2006). Research also identifies consumer and producer knowledge gaps in handling practices, necessitating educational interventions (CGIAR, 2024).
This study addresses these challenges by evaluating four pasteurized milk brands in Tirupati, India, under refrigerated storage (4°C) over four days. By analyzing physicochemical (pH, acidity, clot-on-boiling) and microbiological (total bacterial count, coliforms, methylene blue reduction time) parameters, it assesses compliance with BIS standards and identifies brand-specific quality variations. The work fills a critical gap in localized data on milk safety, offering insights into post-pasteurization handling efficacy and providing actionable recommendations for improving cold-chain management, HACCP implementation, and consumer awareness (FDA, 1995; Dairy HACCP, 2015). Justified by India’s expanding dairy sector and the public health risks from milk-borne pathogens, this research underscores the urgency of standardizing quality control measures to align with global safety benchmarks.

2. MATERIALS AND METHOD
The methods and methodology employed in the analysis of market milk samples in this study were comprehensive, following established standards to ensure both chemical and microbiological quality assessment. Four different brands of pasteurized milk were collected from the local market in Tirupati, coded as A, B, C, and D. Each sample was transported under chilled conditions (in an icebox) and stored at 4°C until analysis, which began within 24 hours of collection to prevent any undue microbial growth or chemical changes. All glassware and equipment were thoroughly cleaned and sterilized; glassware was autoclaved at 121°C for 15 minutes or dry-heat sterilized at 160°C for 1.5 hours to prevent contamination (Saxena et al., 2013). Media were prepared according to manufacturer and standard guidelines, and all analyses were performed in triplicate to ensure reliability and reproducibility.
2.1. Chemical Analysis:
The chemical quality of the milk samples was evaluated using several standard tests. The Clot on Boiling (COB) test was performed as a rapid screening tool to detect increased acidity and protein instability. A small quantity of milk was heated in a test tube over a flame or boiling water for about five minutes; the appearance of coagulation indicated unfit milk (IS:1479-1, 1960). Titratable acidity was determined by titrating 10 ml of milk with 0.1N NaOH using phenolphthalein as an indicator. The endpoint was marked by the appearance of a faint pink color, and the titratable acidity was calculated as a percentage of lactic acid (IS:1479-1, 1960; Saxena et al., 2013). pH was measured using pH strips or a pH meter, providing a direct indication of the milk's acidity and freshness. The Alcohol test involved mixing equal volumes of milk and 68% ethanol; the presence of flakes or coagulation indicated elevated acidity due to microbial activity (IS:1479-1, 1960).
2.2. Microbiological Analysis:
For microbiological quality, the Total Bacterial Count (TBC) and Coliform Count were determined using the pour plate method with Standard Plate Count Agar (SPCA) and Violet Red Bile Agar (VRBA), respectively. Serial tenfold dilutions of milk were prepared in sterile 0.1% peptone saline water, and appropriate dilutions were plated. Plates were incubated at 37°C for 24–48 hours for TBC and 18–24 hours for coliforms. Plates with 30–300 colonies were counted, and results were expressed as colony-forming units per milliliter (cfu/ml), later converted to log10 values for statistical analysis (IS:1479-1, 1960; Harrigan, 1998; Saxena et al., 2013). The Methylene Blue Reduction Test (MBRT) was used as a rapid indirect measure of microbial load. Ten milliliters of milk were mixed with 1 ml of methylene blue solution and incubated at 37°C. The time taken for the dye to decolorize indicated microbial activity: shorter reduction times corresponded to higher bacterial counts (IS:1479-1, 1960).
2.3 Statistical Evaluation
Data processing was performed using R program software version 4.0.1.  Analysis of Variance (ANOVA) was used to compare the chemical and microbiological parameters among the four different pasteurized milk brands during refrigerated storage. The report specifically mentions using ANOVA at a significance level of P=0.05 to determine whether differences in measured parameters between brands were statistically significant.  Microsoft Excel® 2010 software was used to make the graphs
3. RESULTS AND DISCUSSION
3.1 Milk Samples collected for analysis 
Four 500 ml sachets of pasteurized milk, coded A–D for brand confidentiality, were collected locally, transported in iceboxes, and refrigerated at 4°C until analysis. All samples had similar labelling and specified storage below 4°C. The details of the samples collected are listed in Table 1.
Table 1: Details of the Fluid Milk Samples Collected from Local Market
	Brand & type of Fluid Milk  sample
	Composition
	FSSAI & Batch
	Storage temp.
	Capacity of Sachet

	A
Homogenized, Pasteurised, Toned
	Milk fat % - 3 %
 SNF% -  8.5%
	FSSAI lic. No. – 10014042001375
Batch No - CCOSG
	



Below 40C
	



500 ml

	B
Homogenized, Pasteurized, Toned fortified with Vitamin A and D2
	Fat % - 3%
SNF% - 8.5%


	FSSAI lic. No. -10014044000870 
Batch No – CG1 
	
	

	C
Homogenized, Pasteurised, Toned
	Fat% -	 3. 0
SNF%	- 8.5

	FSSAI No. - 10014047000258
Batch No - G20 T1A
	
	

	D
Homogenized, Pasteurised, Toned
	Fat% -	 3. 0
SNF%	- 8.5

	FSSAI No. - 10017047000724
Batch No - N/01/AP
	
	



3.2 CHEMICAL ANALYSIS OF FLUID MILK SAMPLES
The chemical stability of four pasteurized milk brands (A–D) under refrigerated storage (4°C) over four days was evaluated. The results obtained for chemical analysis are presented in Table 2. On day 0, pH ranged from 6.6 to 6.8, with brand B showing the highest pH (6.8) and brands A, C, and D at 6.6. By day 3, pH slightly decreased to 6.6–6.7, consistent with mild acidification due to microbial activity. The trend followed by pH value for all four samples is presented in Fig. 1. These values align with BIS standards (pH 6.6–6.8 for pasteurized milk) and reflect initial freshness, though marginally lower than the 6.7–6.9 range reported in Ethiopian pasteurized milk (Ahmed et al., 2019). Titratable acidity remained stable initially at 0.16% lactic acid (day 0) but increased to 0.17–0.18% by day 3, with brands A and D showing higher acidity (0.18%) as shown in the Fig. 2. This rise correlates with microbial metabolism, as lactic acid bacteria convert lactose to lactic acid (Desye et. al., 2023). Comparatively, titratable acidity in Ethiopian pasteurized milk averaged 0.22% (Desye et. al., 2023), suggesting regional variations in microbial load or processing hygiene. Statistical analysis (ANOVA, P = 0.05) revealed no significant differences among brands for pH or acidity.

Table 2: Effect of refrigeration storage on chemical parameters of pasteurized milk samples
	




Brands
	Chemical parameters analysis carried out

	
	COB
	COB
	pH
	pH
	Titratable acidity
(% Lactic 
   acid)
	Titratable acidity
(% Lactic 
   acid)
	Alcohol test
	Alcohol test

	
	Storage period (Days)

	
	0 
	3
	0
	3
	0
	3
	0
	3

	A
	-ve
	-ve
	6.8a
	6.6a
	0.16a
	0.18a
	-ve
	-ve

	B
	-ve
	-ve
	6.6a
	6.7a
	0.16a
	0.17a
	-ve
	-ve

	C
	-ve
	-ve
	6.7a
	6.6a
	0.16a
	0.17a
	-ve
	-ve

	D
	-ve
	-ve
	6.8a
	6.6a
	0.16a
	0.18a
	-ve
	-ve

	CD (P=0.05)
	
	2.12
	2.14
	2.20
	2.19
	


· All the values are average of three trials
· Same superscripts indicate non-significance in columns
· Samples were stored in refrigerator at 40C
· From 4th day of storage onwards the samples showed COB and Alcohol test  positive


Fig.  1. Effect of refrigeration storage on the pH of pasteurized milk samples


Fig.  2. Effect of refrigeration storage on the acidity of pasteurized milk samples

Clot on Boiling (COB) and Alcohol tests were negative for all brands on days 0 and 3, indicating stable protein structures and acceptable acidity. However, both tests turned positive by day 4, indicating protein denaturation and spoilage. Similar trends were observed in Bangladesh, where 67% of pasteurized milk samples failed COB tests due to elevated acidity (Ahmed et al., 2019). The delayed positivity in this study highlights the efficacy of refrigeration in delaying spoilage, as unrefrigerated milk typically fails COB within 24–48 hours (Desye et. al., 2023). Alcohol test results (negative until day 4) further confirm the absence of advanced protein instability, though 68% ethanol tests are more sensitive to early acidity shifts (Desye et. al., 2023). 
3.2 MICROBIOLOGICAL ANALYSIS OF FLUID MILK SAMPLES
The microbiological quality of four pasteurized milk brands (A–D) under refrigerated storage (4°C) over four days was assessed. The results of microbiological analysis are presented in Table 3. Methylene Blue Reduction Time (MBRT) on day 0 ranged from 4–5 hours for all brands, classifying them as "very good" quality per BIS standards (IS:1479-1, 1960). By day 3, MBRT declined sharply to 0.5–2.5 hours, indicating reduced quality to "fair" due to microbial proliferation as shown in the Fig. 3. Statistical analysis (ANOVA, P = 0.05) revealed no significant differences among brands for MBRT values. Similar trends were observed in Hyderabad, where 93% of pasteurized milk samples retained excellent MBRT (>5 hours) initially, but spoilage accelerated with temperature abuse (Tippyreddy & Syeda, 2019). 
Table 3: Effect of refrigeration storage on the major micro flora and Methylene Blue Reduction Time of pasteurized milk samples
	



Brands
	Microbiological parameters analysis carried out

	
	Methylene Blue Reduction Test
	Methylene Blue Reduction Test
	Total Bacterial count
	Total Bacterial count
	Coliform count
	Coliform count

	
	Hours
	log10cfu/ml
(cfu /ml)

	
	Storage period (Days)

	
	0
	3
	0
	3
	0
	3

	A
	5a
	2 ½a
	2.69a
(5x102)
	4.30a
(2x104)
	0 a
	0a

	B
	5 a
	1a
	2.65a
(4.5x102)
	4.36a
(2.3x104)
	0 a
	0a

	C
	5 a
	2a
	2.69a
(5x102)
	4.38a
(2.4x104)
	0 a
	0a

	D
	4a
	½ a
	3.78a
(6x103)
	4.48a
(3x104)
	0 a
	1a
(1x101)

	CD (P=0.05)
	1.39
	5.79
	1.43
	1.06
	2.09
	1.43


· All the values are average of three trials
· Values in parenthesis indicate actual count (cfu/ml)
· Same superscripts indicate non-significance in columns
· Samples were stored in refrigerator at 40C








Fig.  3. Effect of refrigeration storage on the Methylene Blue Reduction Time of pasteurized milk samples


Total Bacterial Count (TBC) on day 0 ranged from 2.65–3.78 log₁₀ CFU/mL, with brand D showing the highest count (3.78 log₁₀ CFU/mL). By day 3, TBC increased to 4.30–4.48 log₁₀ CFU/mL, with brand D exceeding BIS limits (>4.0 log₁₀ CFU/mL) as represented in Table 3 and Fig. 4. These results align with studies in Bangladesh, where TBC in pasteurized milk ranged from 2.3×10²–4.69×10³ CFU/mL, marginally higher than BIS thresholds (Ahmed et al., 2019; Shojaei and Jamal, 2018). Statistical analysis (ANOVA, P = 0.05) revealed no significant differences among brands except for brand D, highlighting post-pasteurization contamination (PPC) risks (Desye et. al., 2023). 

Fig. 4. Effect of refrigeration storage on the Total Bacterial count of pasteurized milk samples
Coliforms were absent in all brands on day 0 but appeared in brand D (1 log₁₀ CFU/mL) by day 3 as represented in Table 3 and Fig. 5, signalling faecal contamination or inadequate hygiene during processing. This mirrors findings in the U.S., where 7.6–26.6% of pasteurized milk samples showed coliform contamination linked to PPC (Martin et. al., 2016). Statistical analysis (ANOVA, P = 0.05) revealed no significant differences among brands. Coliforms like Enterobacter and Raoultella thrive at refrigeration temperatures, producing proteolytic enzymes that degrade milk quality (Masiello et al., 2016). Brand D’s higher coliform count correlates with its elevated TBC and acidity (0.18% lactic acid), underscoring the need for stringent cold-chain compliance. The decline in MBRT and rise in TBC/coliforms highlight psychrotrophic bacterial activity (e.g., Bacillus, Paenibacillus), which survive pasteurization and proliferate at 4°C. These organisms produce heat-stable enzymes, accelerating spoilage despite refrigeration (Walstra et al., 2006). While all brands met BIS standards for 3 days, brand D’s faster deterioration emphasizes gaps in hygiene and storage practices, consistent with global challenges in dairy safety (Desye et. al., 2023).

Fig. 5. Effect of refrigeration storage on Coliform count of pasteurized milk samples
4. CONCLUSION
The study concluded that all four pasteurized milk brands from Tirupati initially met BIS standards for both chemical and microbiological quality, with stable pH, low acidity, and minimal microbial counts observed up to three days of refrigerated storage at 4°C. However, by day three, brand D exhibited increased total bacterial and coliform counts, exceeding permissible limits and indicating potential post-pasteurization contamination or lapses in cold-chain management. The findings emphasize the importance of stringent hygiene practices, effective pasteurization, and consistent refrigeration throughout the supply chain to ensure milk safety and extend shelf life. Regular monitoring and consumer awareness are recommended to minimize milk-borne risks.
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Total Bacterial Count
Zero day	A	B	C	D	2.69	2.65	2.69	3.7800000000000002	Third day	4.3	4.3599999999999985	4.38	4.4800000000000004	log10 cfu/ml
Coliform count
Zero day	A	B	C	D	0	0	0	0	Third day	A	B	C	D	0	0	0	1	log10 cfu/ml
pH
Zero day	A	B	C	D	6.8	6.6	6.7	6.8	Third day	6.6	6.7	6.6	6.6	
pH values
Acidity
Zero day	A	B	C	D	0.16	0.16	0.16	0.16	Third day	A	B	C	D	0.18000000000000024	0.17	0.17	0.18000000000000024	% lactic acid
MBRT
Zero day	A	B	C	D	5	5	5	4	Third day	A	B	C	D	2.15	1	1	0.5	in hrs



